Background
Management games are well-established techniques for improving the understanding and appreciation of realistic problems. Flight Simulators, where students "fly" a particular aspect of an enterprise are particularly rewarding. The classic flight simulator is perhaps the Beer Game [1] which illustrates a simple production -distribution system. It is usually played as an interactive board game where teams take on the role of managing the different components of the supply chain, the object being to determine which team can run their operation most effectively. A lego model of a manufacturing enterprise, loosely based on the Beer Game, has also been developed. It consists of a manufacturing system, a warehouse and a customer [2] . A model train is used to ship the goods between the three stages. The model can be viewed and controlled interactively across the Internet. The Lego model has similar benefits in terms of expanding the knowledge boundaries of traditional engineering subjects by offering a systems approach and immersing students in a challenging and entertaining virtual environment in which creative solutions are required.
A Virtual factory developed by Wood and Kumar [3] is continuously managed by students on the internet over a two week period. It provides an immersive environment in which students are able to "live-with", digest and develop an intuitive approach to managing a realistic system. Students are able to practice fundamental operations techniques such as capacity planning, scheduling and inventory management. The virtual factory has been widely adopted, for example in 2000-2001 it was used by over 2000 students in 16 Universities. 
The Project
The aim of the current project is to develop an internet based teaching simulator for teaching industrial statistics and quality. Students manage the factory around the clock for a period of one month, for example, with the factory running in real time (or faster). The objective is to reduce quality problems and continuously improve over a substantial period of time. Techniques such as control charts, process capability, experimental design and response surface methodology and their underlying statistics are explored. The simulator also outputs information concerning the cost of production and the average throughput of products so that students can develop an appreciation of how quality strategies affect the productivity and cost of a factory's output. Thus a systems approach to managing quality of a factory is encouraged.
The project gives students experience of a "flight simulator" which allows them to practice effective decision-making and demonstrates the practical application of industrial statistics in a realistic environment. A problem-based learning approach is therefore developed with relevant academic underpinning. The simulator provides the student with the experience of applying theory to the practice of operating a factory in real-time. Students are able to "live" with the problem and research and develop solutions over a significant time period. It has always been a problem to teach effectively over the interface between two disciplines. This project effectively addresses this problem and enhances the learning experience by providing a realistic scenario over an extended time frame
The infrastructure of the system is based on the concepts developed by Wood and Kumar. The simulator is interactively controlled over the Internet. Students gain access through a password. Each student or group of students have individual passwords so that they obtain a unique view of the factory under their control. The simulator is initialised with the same conditions and individual students then access factories which exhibit performance characteristics dependent on their decisions. The lecturer in charge of the project has an administrator password with which they are able to set up the initial scenario, intervene by creating specific oneoff conditions (for example unexpected failures) and obtain an overview of all the groups performances.
The interactive simulator contains interactive pages and links which teach the underlying statistics and solutions. The simulation is configured (by the lecturer/administrator) so that data streaming from the system (Fig 1) can be analysed off-line, using software of the user's choice or online using tools such as control charts which are integrated into the system to streamline the analysis. In the future the simulator will be extended to other areas such as the service sector by developing templates that can be over-laid to provide different scenarios.
One of the main advantages of using this approach is that the students are able to develop a methodology for quality improvement rather than just an appreciation of the individual tools. Thus one of the challenges of developing the simulation is to ensure, for example, that students are not able to improve a process through experimental design unless they have first got the system in statistical control.
To address these issues the virtual factory was originally developed in Promodel (Fig 2) , simulation-based software for evaluating, planning or designing manufacturing, warehousing, logistics and other operational and strategic applications. Promodel offers the flexibility to investigate various scenarios and therefore configure an optimal prototype system before it is hardwired using Visual Basic into the final system.
Methodology
The program is object oriented, fully documented and programmed in modules so that the suite can be developed further. It is written in a combination of Visual Basic and ASP (Active Server Pages) and utilises a MS Access database engine with the possibility to extend to a large scale database such as SQL server or Oracle. One particular feature will be the potential to apply different templates to explore a variety of environments, such as the service sector and pharmaceutical industry etc. The programming team works closely with statisticians and engineers who contribute to the development of the relevant statistical algorithms and background. Once the application has been fully tested it will be mounted on the Internet and distributed so that several users "fly" the factory simulator simultaneously.
The first phase of the project has just been completed. This has included the development of the virtual factory and supporting web for the statistical environment. The modularity, or functionality, of the design will allow further developments which may include other environments and the further issues such as operations management to be fully explored.
Products
The resulting teaching material will be an on-line virtual factory (web-based) allowing teachers in HE to register a group of students to run the factory. Students then improve the quality of the factory output by interacting with the factory over a number of days. Supporting analysis packages and teaching materials will also be provided on line. All these will be free of charge to the UK HE community. A key part of the output will be an LTSN organised half-one day workshop for all stakeholders in teaching these techniques.
Benefits
Benefits to teachers in HE will be the provision of a realistic environment to practice the application of statistics. The teaching environment will be managed by the University of Greenwich so that teachers do not have to be concerned with the administration of the environment. The project will help teachers of statistics in MSOR degrees by providing a dynamic environment which facilitates the application of structured and methodical statistical thinking and problem solving. The project will help teachers of engineers to illustrate the power of statistics in solving real engineering problems by providing a virtual simulation which is both physically and dynamically a realistic replication of the industrial environment. The project will offer students an opportunity to interact with a realistic scenario over an extended period. This is particularly important to both engineering students who sometimes find it difficult to appreciate the practical relevance of statistics, and statistics students who may find it difficult to appreciate the practical application of their discipline. The website will also be of use to industry as a training tool for quality improvement.
Progress
A simulation model of the virtual factory in Promodel, has now been completed. This will facilitate the development of the Visual Basic program which will be hardwired on the internet. The shell of the internet site is now in place and the registration database is up and running. It is anticipated that a fully working prototype system will be online by the time this article is published.
